Patients with indication for anticoagulation may prefer treatment with a vitamin K antagonist (VKA) or non-vitamin K antagonist oral anticoagulant (NOAC). A questionnaire may help to identify the preference of patients for one of the two types of oral anticoagulants and to develop a score for the recommendation to continue or to change the anticoagulant. A score was developed using a questionnaire containing biographic data and eight statements on attitudes on anticoagulation and was derived to trigger continuation or change the type of anticoagulant by defining ranges of terms and weighting of the significant statements identified by logistic regression analysis. Participating patients received either anticoagulation with VKA (group 1, n ¼ 690), were transferred from VKA to NOAC (group 2, n ¼ 158), received NOAC de novo (group 3, n ¼ 137) or were transferred from NOAC to VKA (group 4, n ¼ 19). Four statements were significantly (p values between 0.0347 and < 0.0001) associated with recommendations to maintain or to change the type of anticoagulant for patients in groups 1, 2, or 3 with predictive values of c ¼ 0.83 between groups 1 and 2 and c ¼ 0.71 between groups 1 and 3. From the total number of replies to the statements a score of three grades and two strengths (A ¼ strong, B ¼ moderate) was derived for the recommendations. This tool supports recommendations as to continue or to change the presently used type of oral anticoagulant based on the identification of patients' preferences.
Patients with acute thromboembolic events and those at risk for developing these events as complications of underlying diseases require immediate anticoagulation (AC); traditionally, treatment is initiated by rapidly acting anticoagulants such as heparin or low-molecular-weight heparin followed by overlapping initiation of oral anticoagulant therapy with vitamin K antagonist (VKA). 1 To address several limitations of therapy with heparins and VKA, non-vitamin K antagonist oral anticoagulants (NOAC) have been developed. By now, the oral direct thrombin inhibitor dabigatran and the oral direct factor Xa inhibitors rivaroxaban, apixaban, and edoxaban have obtained approval for the prevention and treatment of thromboembolic diseases.
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After over 50 years of conventional anticoagulants with little freedom of choice, patients may now be involved in the decision of choosing between two major types of anticoagulants, VKA or NOAC. Inclusion of patients into this decision process may improve the underuse 3 and adherence issues 4 inherent to all chronic oral treatments. The unwillingness of patients to take warfarin was reported as a major contributor to under treatment and nonadherence. 5 The introduction of a computerized decision-making tool including patients' preferences resulted in a better information on balanced benefits and harms of anticoagulant therapy than conventional paper-based information systems. 6 Similarly, the inclusion of patients' preferences also resulted in improved acceptance and adherence to therapeutic decisions for other diseases and medications. The Guidelines of the European Society of Cardiology, 8 the American College of Cardiology Foundation (ACCF) American heart association (AHA), 9 Heart Rhythm Society (HRS), American College of Chest Physicians (ACCP), 10 and the National Institute for Health and Care Excellence 11 all mention the importance of patients' values and preferences for VKA or NOAC in the treatment decision. A good physician-patient relationship is pivotal for patients' compliance and thus, the quality and effectiveness of therapies. 12 To identify preferences of patients in a therapeutic decision process questionnaires have been developed and validated. 13 Studies have shown that some patients are even willing to partially pay for a NOAC out of their pockets as they were strongly preferring a NOAC over VKA.
14 Studies described the willingness of patients to change AC from VKA to NOAC 15, 16 and the high motivation of patients to participate in clinical trials with NOAC. 17 To facilitate the involvement of patients in the decision process a questionnaire for the identification of the patients' preferences for choosing NOAC instead of VKA was developed based on published techniques. 18 Preliminary data have been reported earlier describing the utility of this questionnaire for the choice of the one of the two types of anticoagulants. 15 Such an approach has to guide decisions on four related options: (1) despite the availability of NOAC patients may prefer continue therapy with VKA, (2) switch AC from VKA to NOAC, (3) start AC de novo with NOAC, or (4) switch from NOAC to VKA. Previously we reported on the willingness of patients to change AC from VKA to NOAC using the following questionnaires: the "Freiburger Personality Inventory" in its revised form FPI-R, 19 the "State-Trait Anxiety Inventory-Trait,"
20,21
the short form health survey, 22 and the "questionnaire on the attitudes of patients for anticoagulant therapy." 15 Logistic regression analysis identified several statements of the questionnaires on attitudes and the personality trait extraversions as important predictors of continuing AC with VKA or changing AC to NOAC with a probability of 98%.
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In this study, we investigate these personality traits in patients who presented after a switch of anticoagulant therapy to NOAC or initiation of therapy with NOAC de novo. These preceding treatment decisions were correlated with the patients' preferences for the type of anticoagulant-VKA or NOAC-as determined in the questionnaire; accordingly, recommendations to continue or to change type of anticoagulant based on patients' replies to the statements were derived.
Methods

Patients and Methods
Patients with the following inclusion criteria were included into the prospective multicentric study: (1) either current therapy with VKA (group 1), or earlier change of AC from VKA to NOAC (group 2), or treatment with NOAC de novo without previous therapy with another type of anticoagulant (group 3), or earlier change of AC from NOAC to VKA (group 4); (2) age above 18 years; (3) informed consent in written form or by accepting statements on the related Web site. Exclusion criteria were: (1) participation of patients with mental diseases causing inability to reply to the questions themselves without help of others; and (2) no AC with VKA or NOAC.
Patients with oral anticoagulant therapy were recruited through a network consisting of specialized institutions for AC (see below), through advertisements in daily newspapers and through an internet platform. They had to complete a questionnaire aiming to identify the preference of patients for one of the two types of oral anticoagulants VKA or NOAC; several statements and questions address the satisfaction with the present anticoagulant, wishes for improvement of their anticoagulant therapy and document some biographic data. The questionnaire was available either as paper form or online through the homepage www.blutverduennung.unihd.de. The patients were excluded from the evaluation if they did not reply to two or more statements in the paper form. The online form could not be submitted if a question remained unanswered. Participants were instructed to complete the questionnaire.
The network included outpatient care units at the universities of Mannheim, Mainz, Berlin, Dresden, and several practitioners specialized in AC in Germany. An internet platform consisted of a specific homepage, information on the study was disseminated in scientific journals, local, regional, and national German newspapers, advertisements at conferences, on the Web sites of International SelfMonitoring Association of oral Anticoagulated Patients and of the German Society of Thrombosis and Haemostasis Research. The study was approved by the ethics committees of the universities of Heidelberg in Mannheim, Mainz, and Dresden. The other participating centers accepted the principal ethics vote of Heidelberg. Patients gave written informed consent before participation if they used the paper form of the questionnaire; or by confirming reading and understanding of the informed consent for the Internet version.
Biographic Data and Questionnaire
Biographic Data
The following parameters were documented for all patients: gender, age, school graduation, indication for AC (atrial fibrillation, venous thrombosis, pulmonary embolism, artificial heart valve replacement, myocardial infarction, ischemic stroke, peripheral arterial disease, other disease, no AC), and duration of AC with the present anticoagulant. Patients were invited to give additional information on their diseases in an open field. Self-monitoring was documented for patients of groups 1 and 4 and intake and daily dose of the specific NOAC for patients of groups 2 and 3. Patients of group 3 did not receive the statement 3 in the questionnaire (if the prothrombin time or international normalized ratio [INR] was difficult to adjust).
Questionnaire
We used the questionnaire developed for identification of the willingness to change anticoagulants from VKA to NOAC 15 and analyzed the differences of the statements in the questionnaire between three groups of patients (see above). The fourth group of patients was not included into this part of the evaluation due to the low number of participants. Patients in group 2 had previously changed AC from VKA to NOAC and therefore the results of the statements could be interpreted to detail conditions of their preference for NOAC. Since the initial studies several NOAC were approved for atrial fibrillation (AF) and venous thromboembolism (VTE) and patients with NOAC de novo were also included (group 3) were included into the study. Change of therapy from NOAC to VKA (group 4) was included for completeness, but this condition was rarely met.
The statements in the questionnaire were the following: statement 1, I have had thoughts in the past of alternatives for AC; statement 2, I hope for a better quality of life with a new anticoagulant; statement 3, I have had low stability of the prothrombin time or international normalized ratio (INR); statement 4, I have a wish of a lack of routine monitoring for dose adjustment of anticoagulant therapy; statement 5, I have relevance of the practitioners opinion for type of anticoagulant; statement 6, I have no scepticism for new drugs; statement 7, My judgement of own personality trait is for extraversion; and statement 8, I have satisfaction with current anticoagulant. 
Electronic Documentation of the Questionnaire
The questionnaire on the internet was created using the web-based software Evaluation System (EvaSys, Electric Paper Ltd., London, United Kingdom), which was initially developed for scientific evaluations of educational events and seminars. The evaluation process with EvaSys is visualized in several successive phases. 23, 24 First, the design of the questionnaire is created. Second, the type of answers from various formats as single or multiple choice, open question or scale is selected. The scales can be classified as nominal scale, ordinal scale, interval scale, and ratio scale. EvaSys generates a PDF file or an HTML file including patients' data and simple corresponding statistical measures such as frequencies or mean values. To ensure that only qualifying persons use the questionnaire, EvaSys individual transaction numbers (TANs) have to be created. Upon reading the PDF of the informed consent followed by the agreement of a person to participate in questionnaire, a TAN was sent with a link from the homepage to the participant. In the third phase, the data of the completed questionnaires are collected by EvaSys and automatically transferred into an Excel database spreadsheet. In the fourth phase the raw data are exported for analysis in statistical programs such as SAS (SAS Institute Inc., Cary, NC).
The data analysis in our study was performed with SAS statistical software release 9.3. The paper forms of the questionnaire were transferred into Excel (S.Z.). Documented data in Excel fundamentally simplify the work for SAS programmers because it imported the data into SAS for evaluation.
Logistic Regression Analysis
Multiple logistic regression analysis was performed to compare groups 1 and 2 as well as groups 1 and 3. Group 4 was not included into this analysis due to the small number of patients. In this analysis, significant and nonsignificant variables (statements 1 to 8) indicating group differences were identified. In addition regression parameters were available for each significant item. These parameters allowed estimating the probability that a patient belongs to group 1 or the other group (2 or 3). The significant items will be used later for the recommendation to continue or to change the type of anticoagulant.
The patients in group 3 have NOAC as an anticoagulant drug that are not required to have their prothrombin time or INR adjusted and do not have any experience with VKA. It is important to see if these patients are satisfied with NOAC or would like to change to VKA. Therefore on the basis of logistic regression analysis, we compared the patients in group 1 who take VKA with the patients in group 3 who do not have any experience with VKA. The significant items from this comparison will be used for patients who take NOAC de novo as an anticoagulant.
Calculation of Terms and Intervals
The value for the reply by the patient on the scale (Sn) will be multiplied with the estimate value (W) which is calculated by regression analysis (W Sn ). Then, all values are added. The calculated sum is called "term" (Eq. 1).
An interval and cut off values of the categories were determined as proposals to change (y-axis) or to continue AC with the present type of anticoagulant (x-axis). The interval was calculated by using the exponential function. This equation ensured that in each case a probability is ascertained which lies between 0 and 1 (Eq. 2).
According to the Eq. 3 and the calculated "Y" value, the sum of (X) will be calculated by using the linear function.
Such a function is presented graphically as a straight line. (X) and (Y) each will get a value between "0" and "1" based on the Eq. 3 and the decisions on the recommendations for therapy are based on the calculated (X) and (Y) values supplemented by Eq. 2 and Eq. 3. A change of AC therapy will be calculated according to the Eq. 2 as follows:
The recommendation to continue or change therapy with type of anticoagulant was calculated according to the Eq. 3:
Continue type of AC ¼ 1 À change type of AC (Eq. 5)
These mathematical supplements were used to define the recommendation. Thereby, replies of patients will fall into the highest range of terms of > 90%, into the range of terms between 55 and 90% and into the range of terms between 45 and 55%.
Definition of a Score by Strength of the Recommendation Grading System
To develop a score for patients according to a recommendation to continue or change therapy with the presently used anticoagulant on the basis of the results of the significant statements by groups, three grades (1-3) and two strengths (A and B) were defined. The three grades of recommendations were as follows: (1) to continue anticoagulant therapy with strong or moderate strength (1A and 1B), (2) no recommendation for changing or continuing the present type of anticoagulant; and (3) to change present type of anticoagulant with strong or moderate strength of recommendation (3A and 3B). The limits for these recommendations were as follows: recommendation 1A, values of over 90% on x-axis; recommendation 1B, values from 55 to 90% on x-axis; recommendation 2, values between 45 and 55% on y-and x-axis; recommendation 3B, values from 55 to 90% on y-axis, and recommendation 3A, values from 90 to 100% on y-axis. The concept of the five different recommendations is shown in ►Fig. 1.
Statistical Analysis
Descriptive statistics are given as mean and standard deviation (SD) for continuous variables and as numbers and percentages for categorical variables. In this work, the statistical analysis was done using SAS release 9.3. Each question was analyzed with a different statistical test depending on the particular shape of the response (dichotomous response, scale-choice or multiple-choice, open-ended question). The chi-square or Fisher exact test was used to compare the four groups regarding biographical data such as gender or diseases of the patients. The Kruskal-Wallis test was used for the comparison of an ordinal scaled variable or a quantitative variable not normally distributed. 25 For comparisons of age and graduation of two groups, the t-test or Mann-Whitney U-test was performed. Logistic regression analysis of the replies for the eight items was performed comparing data of groups 1 and 2; groups 1 and 3; and group 3. P-values < 0.05 were considered as statistically significant.
Results
Biographic Data
Between February 1, 2013, to January 1, 2014, a total of 1,001 patients (633 males, mean AE SD, 66.9 AE 10.9 years; 368 females, 63.2 AE 15.3 years) were included into the study (p ¼ 0.0056 for differences of gender and p ¼ 0.3920 for differences of age between groups, ►Table 1). Overall, 690 patients were treated with VKA (group 1), 155 patients had changed AC from VKA to NOAC (group 2), 137 were treated by NOAC de novo (group 3), and 19 patients changed therapy from NOAC to VKA. The patients in group 4 switched AC from NOAC to VKA due to complications such as hair loss after 9 months of treatment or general discomfort, due to fear of side effects on NOAC, or nonreimbursement by the health insurer. Due to the low number of patients, group 4 is not included in the analysis. Persons with higher degrees of school education were in groups 2 and 3 compared with group 1 (for p-values see ►Table 1). About 30% of the patients with VKA performed self-monitoring of INR. The most frequent indication for AC was AF in groups 2 and 3 compared with group 1. All patients with artificial heart valve replacement received VKA (group 1). There were no differences between groups for patients with VTE. The results of biographic data are given in ►Table 1.
Statements of the Questionnaire
A descriptive analysis was performed for four groups of patients. For each group, minimum, maximum, median, mean value, and SD of the variables are shown in ►Table 2. Statement 2: Mean values of group 1 were lower than groups 2 and 3 because patients do not expect that changing therapy from VKA to NOAC would improve quality of life as they are apparently content with the current treatment or because they may have constraints with the NOAC. Mean values of group 2 were higher because patients had expected more that changing therapy from VKA to NOAC would improve quality of life. More favorable replies of patients in group 3 over those from group 1 (NOAC naive patients) (►Table 2) may indicate that they have a better quality of life compared with patients on therapy with VKA. Statement 6: A skeptical attitude of patients toward new drugs in general was not significantly different for the four groups in our study (►Table 2). This was surprising because skepticism toward NOAC is suggested as a reason not to use them for AC at present (see discussion below). Statement 7: From ►Table 2 it can be seen that patients of group 1 were more extroverted (8.07 AE 2.60) compared with groups 2 and 3. As described in the interpretation guide of the FPI-R, extroverted people can skip attitudes in a carefree manner are more talkative and quick witted. They are willing to take on tasks or even take the lead in joint operations. The introverted people are more profound and seriousness also dominates instead of impulsivity. The first may play a role for attitudes of patients preferring VKA and confirms previous investigations in a smaller number of patients. 15 In contrast the latter attitudes may be more typical for patients preferring NOAC (►Table 2). 
Regression Analysis
Regression analysis of groups 1 and 2 showed significant differences for the following attitudes: statement 2 (p < 0.0001), statement 3 (p < 0.0001), statement 7 (p ¼ 0.0003), and statement 8 (p < 0.0001). The regression analysis also yielded the relative weight (W) for each statement as estimate value as follows: statement 2 (W ¼ 0.2490), statement 3 (W ¼ 0.2144), statement 7 (W ¼ 0.1376), and statement 8 (W ¼ 0.3274) (►Table 3). The receiver operating curves (ROC) of the comparison of group 1 versus group 2 showed an area under the curve with a c value of 0.83 using the four statements indicating an 83% sensitivity to assign patients to groups 1 and 2 (►Fig. 2A).
The logistic regression was also performed between groups 1 and 3, which identified four statements as being 
Recommendations
For the calculation of the treatment recommendation for patients in groups 1, 2, and 3 the term was calculated using the estimate values and the sign according to ►Table 3. The Eq. 1 and Eq. 2 were used to calculate the strength of the recommendation to continue or to change the type of anticoagulant. The limits were set at > 90% for a strong and at 55 to 90% for a moderate recommendation to continue or to change the present type of anticoagulant. This number of terms range from À4.6500 to 4.6340 for group 1, from À7.9080 to 1.3760 for group 2, and from À2.9910 to 1.6000 for group 3. The terms were then allocated to the five categories of recommendations (continue [1] or change [3] type of anticoagulant or no recommendation for the use of type of anticoagulant [2] ) and strong (A) or moderate (B) strength of recommendation. Data are shown as percent of the total number of replies per category of recommendation (►Table 4).
The distribution of the recommendations is described below.
Group 1: In this study the distribution of recommendations to continue therapy was strong for 49% and moderate for 34% of patients. The recommendation to change the type of anticoagulant was strong in 3% and moderate in 10% of patients (►Fig 3a, ►Table 4).
Group 2: In detail, a strong recommendation was made in our study for 95%. Around 4% of the 155 patients were recommended with moderate strength to continue therapy with NOAC. Only one patient received a moderate recommendation to convert AC from NOAC to VKA. According to the calculations no patient should change AC from NOAC to VKA with a strong recommendation (►Fig. 3b, ►Table 4).
For patients of group 3, the recommendations to continue or to change the type of anticoagulant were calculated using Eq. 1 and Eq. 2. About 7% of the patients received a strong recommendation to continue therapy with NOAC. The term for these patients ranged from À2.9910 to À2.2873. A moderate recommendation to continue or to change type of anticoagulant was given to 76 and 8% of the patients (certainty of recommendation 55-90%) with terms of À2.1895 to À0.2368 and between 0.3028 and 1.3468, respectively. A total of 9% of patients did not receive a recommendation for a specific type of anticoagulant. The term for these patients was between À0.1594 and 0.1962. No patient received a strong recommendation to change AC with NOAC (►Fig. 3c, ►Table 4).
The higher number of moderate recommendations to change type of anticoagulant in group 3 compared with group 2 may be explained by the de novo NOAC treatment in contrast to patients of group 2 who actively decided to change therapy from VKA to NOAC.
Subgroup Analyses
A subgroup analysis of the data of group 1 showed that the distribution of the replies to the statements did not differ between patients with and without self-monitoring of VKA therapy (p ¼ 0.3624) and with and without artificial heart valve replacement (p ¼ 0.3937) and with or without atrial fibrillation (0.0915) (►Table 5). 
Discussion
In this study, we have shown how a simple questionnairebased tool can supports recommendations as to continue or to change the presently used type of oral anticoagulant based on the identification of patients' values and preferences. The present investigation describes recommendations for the use of one of the two types of anticoagulants-VKA or NOAC-available today for AC of patients with nonvalvular atrial fibrillation and VTE based on a questionnaire for patients. The concept of categories and strengths of recommendations were taken from earlier publications. 26 Recommendations were divided into strong and moderate type and into the grades to continue or to change type of anticoagulant or no specific recommendation for continuation of anticoagulant therapy resulting in five categories. For group 1 continuing therapy with VKA was more frequently recommended than in other groups. The recommendations for group 2 are also of specific importance because patients had actively changed AC from VKA to NOAC and a strong recommendation to change back to VKA would have had a relevant negative impact on the relevance of our questionnaire.
The questionnaire described here may be used for patients already receiving oral anticoagulant therapy but has not yet been adopted for patients before starting oral anticoagulant treatment. The results also indicate that patients with selfmonitoring of anticoagulant therapy may benefit from this questionnaire. Interestingly, the questionnaire did not show relevant differences of the replies if patients did or did not have artificial heart valve replacement therapy. These results are unexpected because NOAC are not approved for this indication based on unfavorable results of clinical studies.
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It may be argued that some of these patients would prefer NOAC therapy, a fact which was unknown so far. The usefulness of the questionnaire is supported by these subanalyses because the results may give insights into the wishes of patients which type of anticoagulant they prefer independently of the current type of AC and approval status of NOAC. Another interesting finding in the study is that patients who had decided to change AC from VKA to NOAC did not receive a strong recommendation to change the type of anticoagulant back to VKA. If some patients of these two groups would have been given a strong recommendation the value of the statements of the questionnaire would have been challenged. Therapy with VKA was reported to be improved when clinical variables such as age, body weight, renal, and hepatic function, and potential drug interactions, bleeding or thrombotic complications during anticoagulant therapy, unstable INR-values or frequent missing of visits to determine INR values, are taken into account by the treating physician when selecting warfarin or an NOAC for initiation or changing anticoagulant therapy.
28 Instable INR-values were considered to be relevant to improve adherence to therapy by including patients' preference for a therapy. A score was developed to characterize the knowledge of patients on anticoagulant therapy to improve self-monitoring of anticoagulant therapy. 29 The daily costs of NOAC play an important role for the preference of patients compared with VKA. 30 In some countries including Germany, the insurance companies take over the daily costs of NOAC in approved indications if patients fulfill some specific criteria regarding occurrence of side effects to VKA, variable INR values, high risk factors for thromboembolic events or bleeding complications or other criteria. [31] [32] [33] [34] The extent of reduction in the risk of stroke was given a higher relevance compared with the reduction of the risk of bleeding during treatment with VKA by patients in contrast to treating Fig. 3 The distribution of the strength of recommendations is shown (y-axis, to change therapy of currently used type of anticoagulant; xaxis, continue therapy with current type of anticoagulant) according to the replies of the patients of group 1 (A), group 2 (B), and group 3 (C) using the four significant statements of the questionnaire.
physicians. This indicates to include the opinion of patients when deciding which anticoagulant to use.
35
Some limitations of the study have to be taken into account. Patients with NOAC therapy were included into the study though they do not participate in focus groups in contrast to patients treated with VKA. Patients with psychiatric diseases may not be able to use the questionnaire. Depressiveness has a negative impact on the time in therapeutic range of the INR during therapy with VKA compared with not patients without depressiveness. 36 A restriction for use of NOAC is the current lack of a specific antidote. 30 At the time of drafting the original questionnaire this topic was not discussed in the focus group patients and was therefore not included. 15 Some specific groups of patients were included into the study despite the known fact that they expose a higher confidence with VKA if self-monitoring of therapy is performed or that an indication such as artificial heart valve replacement is not approved for NOAC. The data of the group of NOAC naive patients and of patients with self-monitoring and artificial heart valve replacement further supported the usefulness of the questionnaire to identify the preference of patients for one of the two types of oral anticoagulants. It remains open if the questionnaire is useful for patients before initiation of anticoagulant therapy. Our study cohort was also not ethnically diverse. Further studies in different ethnic groups and clinical settings (e.g., inpatients vs. outpatients) may be necessary.
In conclusion, the present investigation describes the usefulness of four statements to identify the preference of patients on oral AC for one of the two classes of currently available oral anticoagulants-VKA or NOAC. This is the first tool to aid this decision on the base of the patients' own opinion. The transcultural use of the questionnaire remains to be explored. We suggest that this questionnaire can be introduced easily into the daily clinical practice due to its sensitivity to measure the preference of patients for the type of anticoagulant to be used. Future perspectives include the use of telemedicine techniques 37 to ease the availability of the questionnaire for patients and health care staff.
